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(57) ABSTRACT

An insulin resistance marker, a method of evaluating insulin
resistance, a method of screening a substance that improves
insulin resistance, and a pharmaceutical composition for
improving insulin resistance are provided. The insulin resis-
tance marker includes a polypeptide comprising at least any
15 continuous amino acids in the specific amino acid
sequence of SEQ ID NO: 1 (sequence of a proepithelin pro-
tein). The insulin resistance marker includes a polynucleotide
selected from the group consisting of (1) a polynucleotide
comprising at least any 45 continuous bases in the base
sequence of SEQ ID NO:2 encoding the above specific amino
acid sequence, and (2) a polynucleotide that is complemen-
tary to the polynucleotide of (1).

1 Claim, 8 Drawing Sheets
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1
METHOD OF SCREENING A SUBSTANCE
FOR IMPROVING INSULIN RESISTANCE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a Divisional Application of patent appli-
cation Ser. No. 12/610,977, filed Nov. 2, 2009 now aban-
doned, the entire contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a biological substance
involved in insulin resistance, and more specifically, to an
insulin resistance marker, a method of evaluating insulin
resistance, a method of screening a substance that improves
insulin resistance, and a pharmaceutical composition for
improving insulin resistance. More specifically, the present
invention relates to prevention of occurrence, diagnosis and
therapy of insulin resistance and disease conditions and states
accompanied with insulin resistance.

2. Disclosure of the Related Art

Now in Japan, the number of patients suffering from meta-
bolic syndromes such as diabetes, hypertension, and hyper-
lipidemia that will cause severe adult diseases is dramatically
increasing, and development of methods to prevent, diagnose
and treat them is needed.

Since the major cause of a metabolic syndrome is obesity,
various researches are undertaken to elucidate the mechanism
of'obesity. The 3T3-L1-strained cell derived from a mouse is
one of the cells that are most frequently used in such
researches as a model of an adipose tissue. A 3T3-L.1 cell is
proved to have a property that is well coincident with bio-
chemical and physiological characteristics in an actual adi-
pose tissue in such a meaning that by induction of differen-
tiation, fat droplets are accumulated in the cell and uptake of
extracellular glucose via an insulin receptor is promoted
(Non-patent Document 1: Cell, Vol. 5, 19-27, May 1975).

As a research example using a 3T3-L1 cell, concretely,
Patent Document 1: Japanese Patent Application Laid-Open
Publication No. 2004-105175 reports on a protein and a gene
secreted by an adipocyte, Patent Document 2: Japanese
Patent Application Laid-Open Publication No. 2004-135605
reports on a protein and a gene involved in differentiation of
an adipocyte, Patent Document 3: Japanese Patent Applica-
tion Laid-Open Publication No. 2005-247740 reports on a
protein having a function of controlling fatty acid metabolism
that is expressed in the course of differentiation of an adipo-
cyte, and Patent Document 4: Japanese Patent Application
Laid-Open Publication No. 2006-141233 reports on a
secreted protein and a gene involved in adipocyte hypertro-
phy.

3T3-L1 adipocytes are also used as an in vitro experimental
model of human adipose tissues. For example, PPARy (per-
oxisome proliferator-activated receptor y), a key molecule for
proliferation and differentiation of adipose cells, is known to
have similar functions in 3T3-L.1 adipocytes as well. Further,
it was demonstrated that functions and expression patterns of
many proteins in vitro experimental models were reflected in
those in vivo such as mouse and human adipose tissues.
Concrete examples of such a protein include adiponectin
(Non-patent Document 2: Biochemical and Biophysical
Research Communications 290, 1084-1089 (2002), Non-
patent Document 3: NATURE MEDICINE, VOLUME 7,
NUMBER 8, 941-936, AUGUST 2001, Patent Document 5:

10

15

20

25

30

35

40

45

50

55

60

65

2

International Publication No. 2003/063394 pamphlet, Patent
Document 6: International Publication No. 2004/061108
pamphlet), resistin (Non-patent Document 4: NATURE, VOL
409, 13,292-293, JANUARY 2001, Non-patent Document 5:
Biochemical and Biophysical Research Communications
288, 1027-1031 (2001), Patent Document 5, Patent Docu-
ment 6), free fatty acid (Non-patent Document 6: THE
JOURNAL OF BIOLOGICAL CHEMISTRY VOL. 280,
NO. 42, pp. 35361-35371, Oct. 21, 2005), and visfatin (Non-
patent Document 7: Biochemical and Biophysical Research
Communications 359 (2007) 194-201) and the like.

Obesity, which results from adipocyte hypertrophy, is one
of the primary risk factor of metabolic syndrome and insulin
resistance in physiological and clinical implications. An adi-
pose tissue is known as an important endocrine organ that
regulates whole-body insulin sensitivity. Currently, a number
of adipocytokines having an influence on differentiation and
proliferation and hypertrophy of fat, and insulin sensitivity
(for example, the aforementioned adiponectin, leptin, tumor
necrosis factor oo (TNFa) and so on) have been identified.

Insulin resistance is fundamental to the pathogenic factor
of metabolic syndromes including type 2 diabetes mellitus.
Therefore, it is expected that diagnosis and improvement of
insulin resistance will lead to prevention and fundamental
therapy of the lifestyle-related diseases including diabetes.

However, it is actually the case that a metabolic syndrome
is detected by health examination or the like only after abnor-
mality occurs in blood pressure or lipid metabolism following
onset of insulin resistance. In other words, it is, in fact, very
difficult to diagnose onset of insulin resistance in an early
stage.

Therefore, discovery of a novel diagnostic marker capable
of specifically detecting insulin resistance is demanded.

The aforementioned adipocytokines have not been brought
into practical uses for therapy and diagnosis. On the other
hand, as an insulin sensitizer for diabetes, thiazolidine-based
drugs targeting an intranuclear receptor PPARY are currently
representative. Thiazolidine-based drugs have the effect of
normalizing regulation of glycometabolism in the body by
improving the insulin sensitivity. However, as for these drugs,
problems such as side effects like hepatic dysfunction and
necessity of strict drug administration control have been indi-
cated.

Therefore, discovery of a novel drug target that shows a
specific action on insulin resistance is demanded.

On the other hand, insulin resistance is known to be devel-
oped not only by environmental factors such as obesity and
daily habits but also by various clinical factors such as preg-
nancy and long-term dosing of steroids. Although the reason
why insulin resistance is induced due to such varied factors is
not known, there is a report that these phenomena are also
observed in in vivo and in vitro experiments. In other words,
it was reported that a glucocorticoid (for example, dexam-
ethasone) etc., in addition to an obesity-related factor
(TNFa), induces insulin resistance of 3T3-L.1 adipocytes
(Non-patent Document 9: DIABETES, VOL.. 49, 1700-1708,
OCTOBER 2000, Non-patent Document 8: Proc. Natl. Acad.
Sci. USA, Vol. 91, pp. 4854-4858, May 1994).

As for molecular mechanisms of insulin signal transduc-
tion, generalization has been widely made (Non-patent Docu-
ment 10: Mol Cell Biochem 182, 31-48 (1998), Non-patent
Document 11: Diabetes Metab 24, 477-89 (1998), Non-
patent Document 12: Cell 92, 593-6 (1998), Non-patent
Document 13: J Clin Invest 103, 931-43 (1999)).

Specifically, the interaction between insulin and insulin
receptor results in activation of tyrosine kinase and phospho-
rylation of IRS-1. Then PI3-kinase (phosphoinositide 3-ki-
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nase), Grb2.Sos complex, and SHP-2 bind to the phosphory-
lated IRS-1. As a result, PI3-kinase is activated, and interacts
with Akt (also referred to as PKB, protein kinase B). Akt is
phosphorylated and activated by PDK1 (phosphatidylinosi-
tol-dependent protein kinase 1). The activated Akt is dissoci-
ated with the plasma membrane and phosphorylates various
proteins. Therefore, in muscle cells (skeletal muscle, myo-
cardium) and adipocytes, translocation of glucose transpor-
tors and GLUT4 (glucose transporter 4) containing vesicles
are promoted. Thus, cellular uptake of glucose is promoted.
By the way, a proepithelin protein (also known as pro-
granulin/PCDGF/PEPI/GEP/GP88) which is an epithelin
precursor protein having seven kinds of epithelin domains is
known. It is reported that proepithelin and epithelin have a
growth factor-like function, and function as an autocrine
growth factor as aresult of being secreted outside the cell, and
thus are involved in inflammation and cell migration (Non-
patent Document 14: Journal of Molecular Medicine 81, 600-
612 (2003)).
However, arelationship between such a protein or a peptide
and insulin resistance is not known at all.
Patent Document 1: Japanese Patent Application Laid-
Open Publication No. 2004-105175
Patent Document 2: Japanese Patent Application Laid-
Open Publication No. 2004-135605
Patent Document 3: Japanese Patent Application Laid-
Open Publication No. 2005-247740
Patent Document 4: Japanese Patent Application Laid-
Open Publication No. 2006-141233
Patent Document 5: International Publication No. 2003/
063894 pamphlet
Patent Document 6: International Publication No. 2004/
061108 pamphlet
Non-patent Document 1: Cell, Vol. 5, 19-27, May 1975
Non-patent Document 2: Biochemical and Biophysical
Research Communications 290, 1034-1089 (2002)
Non-patent Document 3: NATURE MEDICINE, VOL-
UME 7, NUMBER 8, 941-946, AUGUST 2001
Non-patent Document 4: NATURE, VOL 409, 18, 292-
293, JANUARY 2001
Non-patent Document 5: Biochemical and Biophysical
Research Communications 288, 1027-1031 (2001)
Non-patent Document 6: THE JOURNAL OF BIOLOGI-
CAL CHEMISTRY VOL. 280, NO. 42, pp. 35361-
35371, Oct. 21, 2005
Non-patent Document 7: Biochemical and Biophysical
Research Communications 359 (2007) 194-201
Non-patent Document 8: Proc. Natl. Acad. Sci. USA, Vol.
91, pp. 4854-4858, May 1994
Non-patent Document 9: DIABETES, VOL. 49, 1700-
1708, OCTOBER 2000
Non-patent Document 10: Mol Cell Biochem 182, 31-48
(1998)
Non-patent Document 11: Diabetes Metab 24, 477-89
(1998)
Non-patent Document 12: Cell 92, 593-6 (1998)
Non-patent Document 13: J Clin Invest 103, 931-43 (1999)
Non-patent Document 14: Journal of Molecular Medicine
81, 600-612 (2003)

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a biologi-
cal substance involved in insulin resistance, and a method of
using the same. That is, it is an object of the present invention
to provide an insulin resistance marker, a method of evaluat-
ing insulin resistance, a method of screening a substance that
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4

improves insulin resistance, and a pharmaceutical composi-
tion for improving insulin resistance.

Inventors of the present application performed analysis
using matured adipocytes obtained by subjecting mouse
preadipocytes (3T3-L.1) to a differentiation treatment as a
control group. The inventor searched for a protein that exhib-
its the expression variation that is common to an insulin
resistant matured adipocyte. The insulin resistant matured
adipocyte is obtained by inducing insulin resistance from the
matured adipocyte of the control group with the use of an
obesity-related factor TNFa and a glucocorticoid dexametha-
sone. As a result, as a protein exhibiting a significant expres-
sion increase commonly to these insulin resistant matured
adipocytes, the present inventors identified proepithelin, a
protein for which no relation with insulin resistance has been
known heretofore.

The present invention includes the following aspects.

(1) An insulin resistance marker including a polypeptide
comprising at least any 15 continuous amino acids in the
amino acid sequence represented by SEQ ID NO: 1.

The “polypeptide” includes a polypeptide specified by a
specific sequence (namely, any sequences made up of at least
15 continuous amino acids in the amino acid sequence rep-
resented by SEQ ID NO: 1), and polypeptides that are homol-
ogy and mutants of said polypeptide having an equivalent
biological function involved in insulin resistance to that of
said polypeptide.

Therefore, the “polypeptide comprising at least any 15
continuous amino acids in the amino acid sequence repre-
sented by SEQ ID NO: 17 includes, as an example, a polypep-
tide made up of at least any 15 continuous amino acids in the
amino acid sequence represented by SEQ ID NO: 3.

The “polypeptide” includes an oligopeptide and a protein.

The “insulin resistance” means the condition that a normal
physiological or molecular response can not be induced by a
normal amount of insulin. In some cases, it may include the
condition that insulin resistance can be at least partly
improved or a biological response can be induced by an
excess physiological amount of insulin that is endogenously
produced or externally added.

The “insulin resistance marker” means a marker for evalu-
ating insulin resistance, and includes a marker that distin-
guishes a state accompanied with insulin resistance, and a
marker that distinguishes a disease condition accompanied
with insulin resistance.

(2) A method of evaluating insulin resistance, including the
steps of:

measuring a level of a polypeptide comprising at least any
15 continuous amino acids in the amino acid sequence rep-
resented by SEQ ID NO: 1, in a sample derived from an
individual which is an object of evaluation of insulin resis-
tance, and

comparing the obtained measured level with a normal level
of the polypeptide,

wherein an increase of the obtained measured level com-
pared with the normal level is regarded as one index indicat-
ing that the objective individual has high possibility of being
in the condition of insulin resistance.

“Evaluating insulin resistance” includes recognizing a
state accompanied with insulin resistance, and recognizing a
morbidity condition of a disease accompanied with insulin
resistance, and more concretely, includes conducting detec-
tion and diagnosis of insulin resistance, and detection, diag-
nosis, monitoring, staging and determination of prognosis of
a disease accompanied with insulin resistance.
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The “individual” includes any animals. For example, mam-
mals such as primates (e.g., human being), rodents (e.g.,
mouse and rat), rabbit, dog, cat, pig, bovine, sheep and horse
may be recited.

The term “level” includes an expression level and a secre-
tion level.

(3) A method of screening a substance for improving insulin
resistance, including the steps of:

bringing a sample containing a polypeptide comprising at
least any 15 continuous amino acids in the amino acid
sequence represented by SEQ ID NO: 1, or a cell capable of
expressing or secreting the polypeptide, into contact with a
candidate substance;

measuring a level of the polypeptide or an expression level
or a secretion level of the polypeptide in the cell when the
candidate substance is brought into contact, and

comparing the measured level of the polypeptide or the
measured expression level or the measured secretion level of
the polypeptide in the cell when the candidate substance is
brought into contact, with a level of the polypeptide or an
expression level or a secretion level of the polypeptide in the
cell when the candidate substance is not brought into contact,

wherein a reduction of the measured level, the measured
expression level or the measured secretion level when the
candidate substance is brought into contact, compared with
the level, the expression level or the secretion level when the
candidate substance is not brought into contact, is regarded as
one index for selecting the candidate substance as a substance
that improves insulin resistance.

“Improving insulin resistance” includes converting insulin
resistance into higher insulin sensitivity, and converting insu-
lin resistance into a higher glucose transport activity, and
more concretely, includes controlling an insulin signaling-
suppressing action in insulin resistance and controlling a
glucose transport system-suppressing action, and curing a
disease accompanied with insulin resistance may be recited
as an example.

By controlling expression of the insulin resistance marker
of the present invention by the method of the above (3), it is
possible to select a substance that improves insulin resistance.
(4) A method of screening a substance that improves insulin
resistance, including the steps of:

bringing a sample containing a polypeptide comprising at
least any 15 continuous amino acids in the amino acid
sequence represented by SEQ ID NO: 1, or a cell that
expresses or secretes the polypeptide, into contact with a
candidate substance;

measuring a function of the polypeptide or a function of the
polypeptide in the cell when the candidate substance is
brought into contact, and

comparing the measured function of the polypeptide or the
measured function of the polypeptide in the cell when the
candidate substance is brought into contact, with the function
of the polypeptide or the function of the polypeptide in the
cell when the candidate substance is not brought into contact,

wherein the measured function when the candidate sub-
stance is brought into contact being more controlled com-
pared with the function when the candidate substance is not
brought into contact, is regarded as one index for selecting the
candidate substance as a substance that improves insulin
resistance.

The “function” includes an insulin resistance-inducing
activity.

By controlling the insulin resistance-inducing activity (for
example, an insulin signaling-suppressing activity) by the
insulin resistance marker of the present invention according
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to the method of the above (4), it is possible to select a
substance that improves insulin resistance.

The method according to the above (4), wherein the mea-
surement of the function of the polypeptide is conducted by
measuring a level of an insulin signaling-related factor
selected from the group consisting of Akt, phosphorylated
Akt and factors that function downstream the Akt in the
insulin signaling pathway, and

a reduction or an increase of the measured level of the
insulin signaling-related factor when the candidate substance
is brought into contact, compared with a level of the insulin
signaling-related factor when the candidate substance is not
brought into contact, is regarded as one index for selecting the
candidate substance as a substance that improves insulin
resistance.

The “Akt” is a serine/threonine kinase which is also called
PKB or protein kinase B.

The “factors that function downstream the Akt in the insu-
lin signaling pathway” refer to factors that are involved in a
series of routes in the insulin signaling pathway from under-
going activation by phsphorylated Akt to uptaking glucose
into a cell (namely, a glucose transport system).

(5) A pharmaceutical composition for improving insulin
resistance including a polypeptide comprising at least any 15
continuous amino acids in the amino acid sequence repre-
sented by SEQ ID NO: 1.

(6) A pharmaceutical composition for improving insulin
resistance including an antibody against a polypeptide com-
prising at least any 15 continuous amino acids in the amino
acid sequence represented by SEQ ID NO: 1.

The “antibody” includes a polyclonal antibody, a mono-
clonal antibody, and antibodies prepared by molecular bio-
logical techniques.

The “antibody” widely means a substance that binds in an
immune-specific manner, and includes antibody fragments
and antibody-fused proteins.

(7) A pharmaceutical composition for improving insulin
resistance including a substance that controls an expression
level or a secretion level of a polypeptide comprising at least
any 15 continuous amino acids in the amino acid sequence
represented by SEQ ID NO: 1, as an active ingredient.

(8) A pharmaceutical composition for improving insulin
resistance including a substance that controls a function by a
polypeptide comprising at least any 15 continuous amino
acids in the amino acid sequence represented by SEQ ID NO:
1, as an active ingredient.

A pharmaceutical composition for improving insulin resis-

tance including a substance that upregulates an insulin sig-
naling-related factor that is downregulated by expression of a
polypeptide comprising at least any 15 continuous amino
acids in the amino acid sequence represented by SEQ ID NO:
1, as an active ingredient.
(9) An insulin resistance marker including a polynucleotide
selected from the group consisting of a polynucleotide com-
prising at least any 45 continuous bases in the base sequence
represented by SEQ ID NO: 2 and a polynucleotide that is
complementary to the polynucleotide.

The “base sequence represented by SEQ ID NO: 2” is a
base sequence that encodes the amino acid sequence repre-
sented by SEQ ID NO.1.

The “polynucleotide” includes polynucleotide specified by
a specific sequence (namely, a sequence comprising at least
any 45 continuous bases in the base sequence represented by
SEQ ID NO: 2), and polynucleotides encoding polypeptides
that are homologs and mutants of a polypeptide encoded by
the polynucleotide and have an equivalent biological function
involved in insulin resistance to that of the polypeptide.
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Therefore, the “polynucleotide selected from the group
consisting of a polynucleotide comprising at least any 45
continuous bases in the base sequence represented by SEQ ID
NO: 2 and a polynucleotide that is complementary to the
polynucleotide” includes, as one example, a polynucleotide
selected from the group consisting of a polynucleotide com-
prising at least any 45 continuous bases in the base sequence
represented by SEQ ID NO: 4 and a polynucleotide comple-
mentary to the polynucleotide.

The “polynucleotide” includes an oligopeptide and a poly-
nucleotide.

The “polynucleotide” includes a DNA and an RNA. The
DNA includes cDNA, genomic DNA, and synthetic DNA.
The RNA includes total RNA, mRNA, rRNA, and synthetic
RNA.

The “polynucleotide” includes a single-stranded poly-
nucleotide and a double-stranded polynucleotide.

(10) A method of evaluating insulin resistance, including the
steps of:

measuring a level of a polynucleotide selected from the
group consisting of a polynucleotide comprising at least any
45 continuous bases in the base sequence represented by SEQ
ID NO: 2 and a polynucleotide complementary to the poly-
nucleotide, in a sample derived from an individual which is an
object of evaluation of insulin resistance, and

comparing the obtained measured level with a normal level
of the polynucleotide,

wherein an increase of the obtained measured level com-
pared with the normal level is regarded as one index indicat-
ing that the objective individual has high possibility of being
in the condition of insulin resistance.

(11) A method of screening a substance for improving insulin
resistance, including the steps of:

bringing a sample containing a polynucleotide selected
from the group consisting of a polynucleotide comprising at
least any 45 continuous bases in the base sequence repre-
sented by SEQ ID NO: 2 and a polynucleotide complemen-
tary to the polynucleotide, or a cell capable of expressing the
polynucleotide, into contact with a candidate substance;

measuring a level of the polynucleotide or an expression
level of the polynucleotide in the cell when the candidate
substance is brought into contact, and

comparing the measured level of the polynucleotide or the
measured expression level of the polynucleotide in the cell
when the candidate substance is brought into contact, with a
level of the polynucleotide or an expression level of the poly-
nucleotide in the cell when the candidate substance is not
brought into contact,

wherein a reduction of the measured level or the measured
expression level when the candidate substance is brought into
contact, compared with the level or the expression level when
the candidate substance is not brought into contact, is
regarded as one index for selecting the candidate substance as
a substance that improves insulin resistance.

The candidate substance selected by the above method (11)
is a substance capable of controlling expression of a poly-
nucleotide which is an insulin resistance marker of the present
invention.

(12) A pharmaceutical composition for improving insulin
resistance including a polynucleotide selected from the group
consisting of a polynucleotide comprising at least any 45
continuous bases in the base sequence represented by SEQ ID
NO: 2 and a polynucleotide complementary to the polynucle-
otide.

(13) A pharmaceutical composition for improving insulin
resistance including a substance that controls an expression
level of a polynucleotide selected from the group consisting
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of a polynucleotide comprising at least any 45 continuous
bases in the base sequence represented by SEQ ID NO: 2 and
apolynucleotide complementary to the polynucleotide, as an
active ingredient.

According to the present invention, it is possible to provide
an insulin resistance marker, a method of evaluating insulin
resistance, a method of screening a substance that improves
insulin resistance, and a pharmaceutical composition for
improving insulin resistance. The present invention makes it
possible to achieve prevention of onset, diagnosis and therapy
of insulin resistance and a disease condition and a state
accompanied with insulin resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a result of analysis of expression variation of
a proepithelin protein by the NBS method.

FIG. 2A and FIG. 2B show a result of analysis of expres-
sion variation of a proepithelin protein by the Western blot-
ting method.

FIG. 3 shows variation in expression amount of a proepi-
thelin protein with varied concentrations of TNFa. and dex-
amethasone.

FIG. 4 shows variation in expression of a proepithelin
protein in adipose differentiation.

FIG. 5A and FIG. 5B show an effect of pioglitazone on an
increase in expression of a proepithelin protein.

FIG. 6 shows an effect of insulin signal transduction by a
proepithelin protein.

FIG. 7 shows an insulin signaling-suppressing action by
constant presence of a proepithelin protein.

FIG. 8 is a schematic view about a relationship between a
proepithelin protein and insulin resistance in an adipocyte.

DETAILED DESCRIPTION OF THE INVENTION

1. Insulin Resistance Marker

“Insulin resistance” refers to the condition that a normal
physiological or molecular response cannot be caused by a
normal amount of insulin. Occasionally, it may include the
condition that insulin resistance can be at least partly
improved or a biological response can be caused by an excess
physiological amount of insulin that is endogenously pro-
duced or exogenously added.

Here, a concrete definition of the “normal amount” is
appropriately made by a person skilled in the art. For
example, in the case of an adult person, fasting blood insulin
(IRIvalue) is 10 pU/mL or less. However, the normal amount
is defined by various other factors without limited to this.

Also the quantitative definition of “insulin resistance” is
appropriately made by a person skilled in the art. For
example, it is often the case that deviation from 2.5 or less,
which is a normal value of HOMA-R value, is diagnosed to be
suspected of insulin resistance. However, the quantitative
definition of insulin resistance may be made by other factors
without limited to this.

The present invention is based on the finding that a protein
having the amino acid sequence of SEQ ID NO: 3 exhibits a
significant upregulation in a model of insulin resistance.

As a model of insulin resistance, an insulin resistant
matured adipocyte obtained by inducing insulin resistance
using TNFa from a matured adipocyte that was obtained by
subjecting a mouse preadipocyte (3T3-L.1) to a differentia-
tion treatment, and an insulin resistant matured adipocyte
obtained by inducing insulin resistance using a glucocorti-
coid dexamethasone, are both used. Using a matured adipo-
cyte obtained by subjecting a mouse preadipocyte (3T3-L1)
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to a differentiation treatment, in which insulin resistance is
notinduced, as a control group, proepithelin having the amino
acid sequence represented by SEQ ID NO: 3 was identified as
a protein that exhibits a significant upregulation (p<0.05) in
both models commonly.

Here, while both of stimulation by TNFa which is an
obesity-related factor and stimulation by dexamethasone
which is a glucocorticoid having little relation with obesity
will cause insulin resistance, they cause insulin resistance via
individual mechanisms which are largely different from each
other. Specifically, TNFa is mediated by a cytokine receptor
on cell surface, while dexamethasone is mediated by a
nuclear hormone receptor. The protein of the present inven-
tion exhibiting a common expression variation for insulin
resistance inducing factors that are mediated by largely dif-
ferent mechanisms is effectively used as the one that strongly
suggests direct relation with insulin resistance, namely as an
insulin resistance marker.

Therefore, in addition to a protein having the amino acid
sequence represented by SEQ ID NO: 3, a human homologue
of a protein having the amino acid sequence represented by
SEQ ID NO: 3 (namely, a protein having the amino acid
sequence represented by SEQ ID NO: 1), a polynucleotide
encoding a protein having the amino acid sequence repre-
sented by SEQ ID NO: 3 (namely, a polynucleotide repre-
sented by SEQ ID NO: 4), and a polynucleotide encoding a
protein having the amino acid sequence represented by SEQ
ID NO: 1 (namely, a polynucleotide represented by SEQ ID
NO: 2) are also used usefully as insulin resistance markers.

The term “insulin resistance marker” refers to a marker for
evaluation of insulin resistance, and includes a marker recog-
nizing a state accompanied with insulin resistance, and a
marker recognizing a morbidity condition of a disecase
accompanied with insulin resistance.

Examples of the state and the morbidity condition of a
disease accompanied with insulin resistance include type 2
diabetes mellitus, metabolic syndromes, prediabetes, poly-
cystic ovary syndrome, abnormal lipid metabolism, obesity,
sterility, inflammatory abnormality, cancer, inflammatory
disease, Alzheimer’s disease, high blood pressure, athero-
sclerosis, cardiovascular disease, and peripheral vascular dis-
ease.

1-1. Polypeptide

The present invention is an insulin resistance marker
including a polypeptide comprising at least any 15 continu-
ous amino acids in the amino acid sequence represented by
SEQIDNO: 1.

The “polypeptide” includes an oligopeptide and a protein.

The “amino acid sequence represented by SEQ ID NO: 17
is a sequence of a human homologue of proepithelin.

The “polypeptide comprising at least any 15 continuous
amino acids in the amino acid sequence represented by SEQ
ID NO: 17 includes proepithelin, epithelin peptides (con-
cretely, 1-epithelin, 2-epithelin, 3-epithelin, 4-epithelin,
S-epithelin, 6-epithelin, and 7-epithelin), and any polypep-
tides containing partially or entirely a minimum sequence
involved in insulin resistance in a proepithelin sequence.

The polypeptide comprising at least any 15 continuous
amino acids in the amino acid sequence represented by SEQ
ID NO: 1 may be a polypeptide comprising at least any 50
continuous amino acids in the sequence, or may be a polypep-
tide comprising at least any 593 continuous amino acids in the
sequence.

The “polypeptide comprising at least any 15 continuous
amino acids in the amino acid sequence represented by SEQ
IDNO: 1 also includes a polypeptide specified by a sequence
comprising at least any 15 continuous amino acids in the
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amino acid sequence represented by SEQ ID NO: 1, and
polypeptides that are homologs and mutants of the polypep-
tide having an equivalent biological function involved in insu-
lin resistance to that of the polypeptide.

The homologs include an entire or partial sequence of a
homolog of mouse, rat and other species corresponding to a
human homolog of proepithelin.

Therefore, the “polypeptide comprising at least any 15
continuous amino acids in the amino acid sequence repre-
sented by SEQ IDNO: 17 includes a “polypeptide comprising
at least any 15 continuous amino acids in the amino acid
sequence represented by SEQ ID NO: 3” which is a mouse
homolog.

The mutants include naturally occurring mutants of proepi-
thelin, and mutants modified by artificial replacement, addi-
tion, insertion and deletion of an amino acid.

These homologs and mutants have a homology of at least
80%, preferably at least 85%, more preferably at least 90%,
and further preferably at least 95% with the sequence com-
prising at least any 15 continuous amino acids in the amino
acid sequence represented by SEQ ID NO: 1.

For example, it is well known that mouse and human have
ahomology of 84% or more in an amino acid level. As for the
metabolic mechanism and the signal transduction mechanism
that bear the fundamentals of life, it is generally recognized
that these mechanisms are extremely similar between mouse
and human, and in fact, those exhibiting similar functions and
expression variations between an adipocyte of mouse and an
adipocyte of human have been frequently reported. There-
fore, it is clear that there is no exception in glycometabolism
regulation or in insulin signal transduction. It is generally
recognized by a person skilled in the art that glycometabolism
regulation and insulin signal transduction may be common
mechanisms among the entire mammals including mouse and
human with very high possibility. Therefore, it is extremely
reasonable that the polynucleotide in the present invention
includes those basically having a sequence comprising at
least any 15 continuous amino acids in the amino acid
sequence represented by SEQ ID NO: 1 and having a homol-
ogy of at least 80%. For example, a mouse homolog repre-
sented by SEQ ID NO: 3 is 84% homologous (by BLAST
homology search) with a human homolog represented by
SEQID NO: 1.

1-2. Polynucleotide

The present invention provides an insulin resistance
marker including a polynucleotide selected from the group
consisting of a polynucleotide comprising at least any 45
continuous bases in the base sequence represented by SEQ ID
NO: 2 and a polynucleotide complementary to the polynucle-
otide.

The “polynucleotide” includes an oligopeptide and a poly-
nucleotide. The “polynucleotide” includes a DNA and an
RNA. The DNA includes ¢cDNA, genomic DNA, and syn-
thetic DNA. The RNA includes total RNA, mRNA, rRNA,
and synthetic RNA. Further the term “polynucleotide”
includes a single-stranded polynucleotide and a double-
stranded polynucleotide.

The “base sequence represented by SEQ ID NO: 2” is a
base sequence that encodes the polypeptide represented by
SEQID NO: 1, namely a base sequence that encodes a human
homolog of proepithelin.

The “polynucleotide comprising at least any 45 continuous
bases in the base sequence represented by SEQ ID NO: 2”
includes polynucleotides that encode proepithelin, epithelin
peptides (concretely, 1-epithelin, 2-epithelin, 3-epithelin,
4-epithelin, S-epithelin, 6-epithelin, and 7-epithelin), and any
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polypeptides containing partially or entirely a minimum
sequence involved in insulin resistance in the sequence of
proepithelin.

The polynucleotide comprising at least any 45 continuous
bases in the base sequence represented by SEQ ID NO: 2 may
be a polypeptide comprising at least any 150 continuous
amino acids in the sequence, or a polypeptide comprising at
least any 1779 continuous amino acids in the sequence.

The “polynucleotide comprising at least any 45 continuous
bases in the base sequence represented by SEQ ID NO: 2”
includes a polynucleotide specified by a sequence comprising
at least any 45 continuous bases in the base sequence repre-
sented by SEQ ID NO: 2 and polynucleotides encoding
polypeptides that are homologs and mutants of the polypep-
tide encoded by the polynucleotide and have an equivalent
biological function involved in insulin resistance to that of the
polypeptide.

The polynucleotides encoding homologs include the entire
or partial sequences of homologs of mouse, rat and other
species, corresponding to a human homolog of a polynucle-
otide encoding proepithelin.

Therefore, the “polynucleotide selected from the group
consisting of a polynucleotide comprising at least any 45
continuous bases in the base sequence represented by SEQ ID
NO: 2 and a polynucleotide complementary to the polynucle-
otide” includes a polynucleotide selected from the group
consisting of a polynucleotide comprising at least any 45
continuous bases in the base sequence represented by SEQ ID
NO: 4 which is a mouse homolog and a polynucleotide which
is complementary to the polynucleotide.

The polynucleotides encoding the mutants include natu-
rally occurring mutants, and mutants modified by artificial
replacement, addition, insertion and deletion of a base of a
polynucleotide encoding proepithelin.

These polynucleotides encoding homologs and mutants
have a homology of at least 80%, preferably at least 85%,
more preferably at least 90%, and further preferably at least
95% with a sequence comprising at least any 45 continuous
bases in the base sequence of SEQ ID NO: 2.

2. Method of Evaluating Insulin Resistance

The aforementioned insulin resistance marker of the
present invention is useful in a method of evaluating insulin
resistance. The present invention provides a method of evalu-
ating insulin resistance by using the aforementioned insulin
resistance marker.

“Evaluating insulin resistance” includes identifying a state
accompanied with insulin resistance and identifying a mor-
bidity condition of a disease accompanied with insulin resis-
tance, and more specifically conducting detection and diag-
nosis of insulin resistance, and detection, diagnosis,
monitoring, staging and prognosis determination of a disease
accompanied with insulin resistance. Determination of prog-
nosis includes determining presence or absence or the degree
of improvement of the disease after a therapy when the
therapy for improving the disease is conducted.

The method of evaluating insulin resistance of the present
invention includes the following steps:

measuring a level of an insulin resistance marker in a
sample derived from an individual which is an object of
evaluation of insulin resistance, and

comparing the obtained measured level with a normal level
of the insulin resistance marker,

wherein an increase of the obtained measured level com-
pared with the normal level is regarded as one index indicat-
ing that the objective individual has high possibility of being
in the condition of insulin resistance.
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In the method of the present invention, the insulin resis-
tance marker of the present invention may be measured alone,
or measured in combination with any other marker related
with a state or a disease condition of insulin resistance. There-
fore, the method of the present invention may include mea-
suring a level of another marker likewise the level of the
insulin resistance marker of the present invention.

In the present invention, a sample derived from an indi-
vidual which is an object of evaluation of insulin resistance is
not particularly limited. For example, cells, tissues, bodily
fluids, and extracts thereof and the like may be recited. Cells
and tissues include tissue biopsy materials and autopsy mate-
rials and the like. Bodily fluids include blood, bodily secre-
tions and on the like. As blood, whole blood, plasma, serum
and on the like are included. The term tissue extract refers to
a cell or a tissue homogenized or solubilized by a method
known to a person skilled in the art. Among these exemplified
samples, it is preferred to use an extract of an adipose tissue or
an adipocyte as a sample.

The “individual” includes every animal. For example,
mammals such as primates (e.g., human being), rodents (e.g.,
mouse and rat), rabbit, dog, cat, pig, bovine, sheep and horse
may be recited.

The “level” includes an expression level and a secretion
level.

The “normal level” includes a level in a normal sample. As
a normal sample, cells, tissues, bodily fluids and extracts
thereof, and preferably, an extract of an adipose tissue or an
adipocyte, which have insulin sensitivity, may be recited.

Insulin sensitivity refers to the condition capable of caus-
ing a normal physiological or molecular response by a normal
amount of insulin.

Here, a concrete definition of the normal amount is appro-
priately made by a person skilled in the art. For example, in
the case of an adult person, fasting blood insulin (IRI value) is
10 pU/mL or less. However, the normal amount is also
defined by various other factors without limited to this.

Also the quantitative definition of insulin sensitivity is
appropriately made by a person skilled in the art. For
example, it is often the case that 2.5 or less, which is a normal
value of HOMA-R value, is diagnosed to be insulin sensitive.
However, the quantitative definition of insulin sensitivity may
be made by other factors without limited to this.

The degree of increase in measured level is not particularly
limited because it differs depending on a measurement
method and the like, however, for example, the degree in
which the measured level is 1.25 times or more, preferably 1.5
times or more, and more preferably twice or more (molar
base) the normal level may be regarded as a criterion.

2-1. The Case Based on Level of Polypeptide

Concretely, a mouse homolog of a polypeptide having the
amino acid sequence represented by SEQ ID NO: 1 showed a
specific increase in expression amount in a matured cell of a
3T3-L1 cell which can be a model of a state or a disease
condition accompanied with insulin resistance. Therefore,
when a polypeptide comprising at least any 15 continuous
amino acids in the amino acid sequence represented by SEQ
ID NO: 1 specifically increases (for example, increases to
1.25 times or more, preferably 1.5 times or mere, and more
preferably twice or more (molar base) the normal level) in a
sample derived from an individual which is an object of
evaluation of insulin resistance, a state or a disease condition
of insulin resistance can be suspected.

A method of measuring a level of a polypeptide is not
particularly limited, and any method capable of specifically
detecting a specific polypeptide may be used. Preferably, the
level is measured by a test based on biospecific affinity. The
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test based on biospecific affinity is well known to a person
skilled in the art, and immunoassay is preferable without
particularly limited thereto. Concretely, immunoassays such
as Western blotting, radio immunoassay, ELISA, sandwich
immunoassay, immunoprecipitation, precipitation reaction,
gel diffusion precipitin reaction, immunodiffusion, aggluti-
nation measurement, complement fixation analysis assay,
immunoradiometric assay, fluorescent immunoassay, and
protein A immunoassay including a competitive or noncom-
petitive assay system may be recited. In these methods, exist-
ence of an antibody that binds to the insulin resistance marker
in a sample of an individual is detected. Concretely, the test is
conducted by bringing a sample into contact with the anti-
body in the condition that an immune complex made up of a
tumor marker polypeptide to be measured and an antibody of
the polypeptide can be formed in an assay medium, or on a
tissue section. A more concrete protocol may be readily deter-
mined by a person skilled in the art.

The level of a polypeptide is preferably measured by a test
based on biospecific affinity as described above, however, it
may be measured by other quantification methods. For
example, an isotope labeling method is an excellent quanti-
fication method. In this case, by examining a difference in
abundance of the polypeptide between a control sample
which is a sample prepared to contain a known level of the
polypeptide or an appropriate sample such as a normal
sample, and a sample of an objective individual, it is possible
to achieve measurement.

2-2. The Case Based on Level of Polynucleotide

Concretely, a mouse homolog of a polypeptide having the
amino acid sequence represented by SEQ ID NO: 1 showed a
specific increase in expression amount in a matured cell of a
3TL3-L1 cell which can be a model of a state or a disease
condition accompanied with insulin resistance. Therefore,
when a polynucleotide selected from the group consisting of
the polynucleotide comprising at least any 45 continuous
bases in the base sequence represented by SEQ ID NO: 2
encoding the amino acid sequence of SEQ ID NO: 1 and a
polynucleotide complementary to the polynucleotide specifi-
cally increases in a sample derived from an individual which
is an object of evaluation of insulin resistance (for example,
increases to 1.25 times or more, preferably 1.5 times or more,
and more preferably twice or more (molar base) the normal
level), a state or a disease condition of insulin resistance is
suspected.

As a method of measuring a level of a polynucleotide, any
method capable of specifically detecting a specific polynucle-
otide may be used without any particular limitation. For
example, the Northern blotting method, RT-PCR method,
DNA chip analysis, in situ hybridization and the like may be
used. These methods are well known to a person skilled in the
art.

3. Method of Screening Substance That Improves Insulin
Resistance

The aforementioned insulin resistance marker of the
present invention is useful in a method of screening a sub-
stance that improves insulin resistance. Accordingly, the
present invention provides a method of screening a substance
that improves insulin resistance by controlling expression of
the insulin resistance marker of the present invention, or by
controlling the function ofthe insulin resistance marker of the
present invention (concretely, an insulin resistance-inducing
activity, for example, an insulin signaling-suppressing activ-
ity).

The candidate substance thus obtained is useful as an active
ingredient of a pharmaceutical composition for improving
insulin resistance.
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“Improving insulin resistance” includes changing insulin
resistance into higher insulin sensitivity, and changing insulin
resistance into a higher glucose transport activity, and more
concretely, controlling the action of suppressing insulin sig-
nal transduction in insulin resistance, and controlling a glu-
cose transport system-suppressing action, and for example,
treating a disease accompanied with insulin resistance.

Examples of possible candidate substances include, but are
not limited to, a nucleic acid, a protein, a peptide, an organic
compound, an inorganic compound and so on. Examples of a
sample that contains such a candidate substance include, but
are not limited to, a cell extract, an expression product of a
polynucleotide library, a synthetic compound having low
molecular weight, a synthetic peptide, a natural compound,
and a mixture thereof and the like.

3-1. The Case Based on Level of Insulin Resistance Marker
(Polypeptide or Polynucleotide)

This method is a method of screening an insulin resistance
improving substance that controls expression of an insulin
resistance marker, and utilizes the fact that an increase in the
level of an insulin resistance marker is related with a state or
a disease condition of insulin resistance.

Therefore, in screening of a candidate substance that
improves insulin resistance, variation in expression of the
insulin resistance marker of the present invention will be one
index.

The method of screening a substance that improves insulin
resistance based on an expression amount of an insulin resis-
tance marker includes the following steps:

bringing an insulin resistance sample into contact with a
candidate substance;

measuring a level of an insulin resistance marker in the
insulin resistance sample when it is brought into contact with
the candidate substance, and

comparing the measured level of the insulin resistance
marker when the candidate substance is brought into contact,
with a level of the insulin resistance marker when the candi-
date substance is not brought into contact,

wherein a reduction of the level of the insulin resistance
marker when the candidate substance is brought into contact,
compared with the level of the insulin resistance marker when
the candidate substance is not brought into contact, is used as
one index for selecting the candidate substance as a substance
that improves insulin resistance.

The degree of reduction of the measured insulin resistance
marker level is not particularly limited because it differs
depending on the measuring method or the like, however, it is
preferred to reduce to the level near the normal level, or to the
normal level from the view point of curing the insulin resis-
tance.

The “normal level” may be a level in a normal cell. The
term normal cell means a cell having insulin sensitivity. Insu-
lin sensitivity means the condition that causes a normal physi-
ological or molecular response by a normal amount of insulin.

Here, a concrete definition of the normal amount is appro-
priately made by a person skilled in the art. For example, in
the case of an adult person, fasting blood insulin (IRI value) is
10 pU/mlL or less. However, the normal amount may be
defined by various other factors without limited to this.

Also the quantitative definition of insulin sensitivity is
appropriately made by a person skilled in the art. For
example, it is often the case that 2.5 or less, which is a normal
value of HOMA-R value, is diagnosed to be insulin sensitive.
However, the quantitative definition of insulin sensitivity may
be made by other factors without limited to this.

As a concrete degree of reduction in the level of the mea-
sured insulin resistance marker, for example, the degree of
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V125 or less, preferably Yi.s or less, and more preferably 2 or
less (molar base) of the measured level of the insulin resis-
tance marker may be regarded as a standard.

An index for selecting a candidate substance may be based
solely on a level of the insulin resistance marker of the present
invention, or may be based on a combination with any other
marker information related with a state or a disease condition
of insulin resistance. Therefore, the method of the present
invention may use a combination of a sample related with the
other marker as well as the insulin resistance sample related
with the insulin resistance marker of the present invention.

As an insulin resistance sample used for screening, a
sample containing an insulin resistance marker, and a cell
having an ability to express or secrete the insulin resistance
marker may be recited.

As an insulin resistance sample used in screening accord-
ing to an expression amount of a polynucleotide as an index,
the following samples may be recited.

As asample containing an insulin resistance marker used in
screening, an aqueous solution or cell (for example, later-
described cell)-derived fraction containing a polynucleotide
selected from the group consisting of a polynucleotide con-
taining at least any 45 continuous bases in the base sequence
represented by SEQ ID NO: 2 and a polynucleotide comple-
mentary to the polynucleotide may be recited.

For example, a cell lysate, a cell homogenate, and a nuclear
extract containing the polynucleotide may be recited.

As a cell capable of expressing an insulin resistance marker
used in screening, cells which may be endogenous or exog-
enous, capable of expressing a polynucleotide selected from
the group consisting of the polynucleotide comprising at least
any 45 continuous bases in the base sequence represented by
SEQ ID NO: 2 and a polynucleotide complementary to the
polynucleotide may be recited.

For example, a cell endogenously expressing the poly-
nucleotide may be used. As such a cell, for example, mouse
cells (3T3-L.1, NIH3T3 and so on), and human cells (A431,
MCF-7 and so on) may be recited.

For example, a transgenic cell into which the above poly-
nucleotide is introduced may be used. As a host cell used for
transgenesis, for example, cells derived from mouse (NIH
3T3, C127, COP, MOP, WOP and so on), cells derived from
hamster (CHO, CHO DHFR- and so on), cells derived from
monkey (COS-7, COS-1, CV-1 and so on), cells derived from
human (Hel.a and so on), and cells derived from insects
(S£21, S9, High Five and so on) may be recited.

As an insulin resistance sample that is used in conducting
screening using an expression amount of a polypeptide as an
index, the following samples may be used.

As a sample containing an insulin resistance marker used
for screening, an aqueous solution or cell (for example, later-
described cell)-derived fraction containing a polypeptide
comprising at least any 15 continuous amino acids in the
amino acid sequence represented by SEQ ID NO: 1 may be
recited.

For example, a cell lysate, a cell homogenate, and a nuclear
extract containing the polypeptide may be recited.

As a cell capable of expressing an insulin resistance marker
used in screening, a cell capable of expressing a polypeptide
comprising at least any 15 continuous amino acids in the
amino acid sequence represented by SEQ ID NO: 1 may be
recited.

That is, there may be recited cells which may be endog-
enous or exogenous, capable of expressing a polynucleotide
selected from the group consisting of a polynucleotide com-
prising at least any 45 continuous bases in the base sequence
represented by SEQ ID NO: 2 and a polynucleotide comple-
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mentary to the polynucleotide, and expressing a polypeptide
comprising at least any 15 continuous amino acids in the
amino acid sequence represented by SEQ ID NO: 1 as a
translation product.

As such a cell, as described in the case of conducting
screening based on an expression amount of a polynucleotide
as an index, a cell endogenously expressing the polynucle-
otide or a cell into which the polynucleotide is introduced
may be used.

In the method of the present invention, the cell used in
screening also includes a tissue which is an assembly of cells.

A condition at the time of bringing a candidate substance
into contact with a cell is not particularly limited, and a person
skilled in the art will appropriately determine culture condi-
tions (culture medium composition, temperature, pH and the
like) that enable expression of the insulin resistance marker
(the aforementioned polynucleotide or the aforementioned
polypeptide).

Selection of a substance that controls an expression
amount of the insulin resistance marker of the present inven-
tion may be achieved in the following manner.

For example, a substance may be selected based on a reduc-
tion ina level of the insulin resistance marker in a sample with
which the candidate substance is brought into contact, com-
pared with a level of the insulin resistance marker in a sample
with which the candidate substance is not brought into con-
tact with the candidate substance, or a reduction in an expres-
sion level or a secretion level of the insulin resistance marker
in a cell brought into contact with the candidate substance,
compared with an expression level or a secretion level of the
insulin resistance marker in a cell not brought into contact
with the candidate substance, as an index.

For example, when using a cell that requires an expression
inducing substance (for example, TNFa, a glucocorticoid
(dexamethasone), a free fatty acid, resistin, PAI-1) for expres-
sion of the insulin resistance marker, a substance may be
selected based on a reduction in the level of the insulin resis-
tance marker in a cell brought into contact with the candidate
substance in the presence of the expression inducing sub-
stance, compared with the level of the insulin resistance
marker in a cell not brought into contact with the candidate
substance in the presence of the expression inducing sub-
stance, as an index.

3-2. The Case Based on Function (Activity) of Polypeptide

This method utilizes the fact that constant presence of an
insulin resistance marker inhibits insulin signal transduction,
namely, is related with a state or a disease condition of insulin
resistance.

Therefore, in screening of a candidate substance that
improves insulin resistance, variation in function (concretely,
an insulin resistance-inducing activity due to constant pres-
ence of the insulin resistance marker, for example, an activity
of suppressing the insulin signaling pathway due to constant
presence of the insulin resistance marker) of the insulin resis-
tance marker of the present invention will be one index.

A method of screening a substance that improves insulin
resistance based on the function (activity) of a polypeptide
includes the following steps:

bringing a sample that is constantly insulin resistant into
contact with a candidate substance;

measuring a function of an insulin resistance marker in the
insulin resistance sample that is brought into contact with the
candidate substance, and

comparing the measured function of the polypeptide or the
measured function of the polypeptide in the cell when the
candidate substance is brought into contact, with the function
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of the polypeptide or the function of the polypeptide in the
cell when the candidate substance is not brought into contact,
wherein suppression of the measured function of the insu-
lin resistance marker when the candidate substance is brought
into contact, compared with the function of the insulin resis-
tance marker when the candidate substance is not brought into
contact, is regarded as one index for selecting the candidate
substance as a substance that improves insulin resistance.

An index for selecting a candidate substance may be based
solely on the function of the insulin resistance marker of the
present invention, or may be combined with information of
any other marker that is related with a state or a disease
condition of insulin resistance. Therefore, the method of the
present invention may use a combination of a sample related
with the other marker as well as the insulin resistance sample
related with the insulin resistance marker of the present inven-
tion.

As an insulin resistance sample used for screening, a
sample in which an insulin resistance marker is constantly
present is used, and concretely, a sample which is exposed to
the insulin resistance marker for a long term, and a cell in
which the insulin resistance marker is constantly expressed or
secreted may be recited.

As the sample or cell, basically, those similar to those used
in the case based on the level of the insulin resistance marker
(polypeptide) as described above may be used.

Therefore, as a sample containing an insulin resistance
marker used in screening, an aqueous solution or cell (for
example, later-described cell)-derived fraction containing a
polypeptide comprising at least any 15 continuous amino
acids in the amino acid sequence represented by SEQ ID NO:
1 and the like may be recited.

For example, a cell lysate, a cell homogenate, and a nuclear
extract containing the polypeptide may be recited.

As a cell capable of expressing or secreting an insulin
resistance marker used in screening, a cell capable of express-
ing or secreting a polypeptide comprising at least any 15
continuous amino acids in the amino acid sequence repre-
sented by SEQ ID NO: 1 may be recited.

That is, there may be recited cells which may be endog-
enous or exogenous, capable of expressing a polynucleotide
selected from the group consisting of a polynucleotide com-
prising at least any 45 continuous bases in the base sequence
represented by SEQ ID NO: 2 and a polynucleotide comple-
mentary to the polynucleotide, and expressing or secreting a
polypeptide comprising at least any 15 continuous amino
acids in the amino acid sequence represented by SEQ ID NO:
1 as a translation product.

As such a cell, a cell endogenously expressing the poly-
nucleotide may be used. As such a cell, for example, mouse
cells (3T3-L.1, NIH3T3 and so on), and human cells (A431,
MCF-7 and so on) may be recited.

For example, a transgenic cell into which the above poly-
nucleotide is introduced may be used. As a host cell used for
transgenesis, for example, cells derived from mouse (NIH
3T3, C127, COP, MOP, WOP and so on), cells derived from
hamster (CHO, CHO DHFR- and so on), cells derived from
monkey (COS-7, COS-1, CV-1 and so on), cells derived from
human (Hel.a and so on), and cells derived from insects
(S£21, S9, High Five and so on) may be recited.

The cell used in screening also includes a tissue which is an
assembly of cells.

Further, it is possible to require that a sample used in
screening is exposed to an insulin resistance marker for a long
term, or it constantly expresses or secrets an insulin resistance
marker. The terms long term and constant used herein may be
at least 4 hours, and preferably at least 16 hours.
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The condition at the time of bringing a candidate substance
into contact with a cell is not particularly limited, and a person
skilled in the art will appropriately determine culture condi-
tions (culture medium composition, temperature, pH and the
like) that enable expression and/or secretion of the insulin
resistance marker (the aforementioned polynucleotide and/or
the aforementioned polypeptide).

More concretely, a function of an insulin resistance marker
refers to an insulin resistance-inducing activity. As the insulin
resistance-inducing activity, for example, an activity of sup-
pressing the insulin signaling pathway and the glucose trans-
port system may be recited. Such an activity refers to, for
example, an activity that suppresses an increase of phospho-
rylated Akt mediated by an insulin receptor, or increases or
decreases the other factor that functions downstream Akt in
the insulin signal pathway and a glucose transport carrier so
that glucose transport from outside the cell is suppressed.
These functions are acquired owing to constant presence of
the insulin resistance marker.

In this method, a substance that suppresses the aforemen-
tioned function by an insulin resistance marker is selected.

The “Akt” is a serine/threonine kinase also called PKB or
protein kinase B.

The “phosphorylated Akt” is activated form of the Akt.

The “factor that functions downstream Akt in the insulin
signaling pathway” means a factor involved in a series of
route (namely, a glucose transport system) from activation by
phosphorylated Akt to uptake of glucose into the cell in the
insulin signaling pathway. As the glucose transport carrier, a
glucose transport protein such as GLUT-4 is recited.

Inthis case, selection of a substance that controls a function
of' the insulin resistance marker of the present invention may
be achieved in the following manner.

For example, a substance may be selected based on an
increase in a level of phosphorylated Akt in the insulin resis-
tance sample that is brought into contact with the candidate
substance, compared with a level of phosphorylated Akt in the
insulin resistance sample that is not brought into contact with
the candidate substance; or a reduction in an expression level
of phosphorylated Akt expressed in an insulin resistance cell
that is brought into contact with the candidate substance,
compared with a level of phosphorylated Akt in an insulin
resistance cell that is not brought into contact with the can-
didate substance, as one index.

For example, when using a cell that requires an expression
inducing substance (for example, TNFa, a glucocorticoid
(dexamethasone), a free fatty acid, resistin, PAI-1 and so on)
for expression of an insulin resistance marker, a substance
may be selected based on a reduction in an expression level of
phosphorylated Akt expressed in an insulin resistance cell
that is brought into contact with the candidate substance in the
presence of the expression inducing substance, compared
with a level of phosphorylated Akt in an insulin resistance cell
that is not brought into contact with the candidate substance in
the presence of the expression inducing substance, as an
index.

Among the insulin signaling-related factors, as for the fac-
tor that activates the glucose transport system by its upregu-
lation like the aforementioned phosphorylated Akt, a sub-
stance that controls a function of the insulin resistance marker
may be selected in a similar manner as described above.

On the other hand, among the insulin signaling-related
factors, as for the factor that inactivates the glucose transport
system by its upregulation like Akt, a substance may be
selected based on a reduction in the level of the factor in an
insulin resistance sample that is brought into contact with the
candidate substance, compared with the level of the factor in
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an insulin resistance sample that is not brought into contact
with the candidate substance; or an increase in an expression
level of the factor expressed in an insulin resistance cell that
is brought into contact with the candidate substance, com-
pared with a level of the factor in an insulin resistance cell that
is not brought into contact with the candidate substance, as
one index.

4. Pharmaceutical Composition for Improving Insulin Resis-
tance

The pharmaceutical composition in the present invention
may be used as a diagnostic drug for evaluating insulin resis-
tance, and as a potential or practical therapeutic drug for
improving the insulin resistance.

The insulin resistance marker of the present invention, and
asubstance selected by the above screening method are useful
as active ingredients of the pharmaceutical composition.

In other words, as an active ingredient of the pharmaceu-
tical composition of the present invention, the following are
recited. The pharmaceutical composition may be prepared by
mixing a pharmaceutically acceptable diluent, carrier, excipi-
ent and so on, into such an active ingredient.

4-1. Polypeptide Comprising at Least any 15 Continuous
Amino Acids in the Amino Acid Sequence Represented by
SEQIDNO: 1

A possible form of a polypeptide capable of binding with a
ligand competitively with a polypeptide comprising at least
any 15 continuous amino acids in the amino acid sequence
represented by SEQ ID NO: 1, which is an insulin resistance
marker of the present invention, enables therapy when it is
administered. Therefore, a pharmaceutical composition con-
taining the polypeptide as an active ingredient is useful as a
therapeutic agent.

4-2. Antibody Against Polypeptide Comprising at Least any
15 Continuous Amino Acids in the Amino Acid Sequence
Represented by SEQ ID NO: 1

The “antibody” includes a polyclonal antibody, a mono-
clonal antibody and an antibody prepared by a molecular
biological technique. Preparation of these antibodies is con-
ducted by a method well known to a person skilled in the art.

The “Antibody” broadly refers to a substance that binds
immune specifically, and includes antibody fragments and
antibody-fused proteins.

As is described in the aforementioned method of evaluat-
ing insulin resistance, an antibody against a polypeptide com-
prising at least any 15 continuous amine acids in the amino
acid sequence represented by SEQ ID NO: 1, which is an
insulin resistance marker of the present invention, is usefully
used for evaluation of insulin resistance. Therefore, a phar-
maceutical composition containing the polypeptide as an
active ingredient is useful as a therapeutic drug.

Since the antibody specifically binds with the polypeptide

comprising at least any 15 continuous amino acids in the
amino acid sequence represented by SEQ ID NO: 1, which is
an insulin resistance marker of the present invention, it is
possible to attenuate the function of the insulin resistance
marker. Therefore, the pharmaceutical composition contain-
ing the peptide as an active ingredient is useful as a therapeu-
tic drug.
4-3. Substance That Controls Expression Level or Secretion
Level of Polypeptide Comprising at Least any 15 Continuous
Amino Acids in the Amino Acid Sequence Represented by
SEQIDNO: 1

This substance is selected by the method of screening a
substance that improves insulin resistance as described
above, and as described as to the method, the substance
reduces an expression amount or a secretion amount of a
polypeptide comprising at least any 15 continuous amino
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acids in the amino acid sequence represented by SEQ ID NO:
1, which is an insulin resistance marker of the present inven-
tion. Therefore, a pharmaceutical composition containing the
substance as an active ingredient is useful as a therapeutic
drug.

4-4. Substance That Controls Function by Polypeptide Com-
prising at Least any 15 Continuous Amino Acids in the Amino
Acid Sequence Represented by SEQ ID NO: 1

This substance is selected by the method of screening a
substance that improves insulin resistance as described
above, and as is already described as to the method, the
substance attenuates the function of the polypeptide compris-
ing at least any 15 continuous amino acids in the amino acid
sequence represented by SEQ ID NO: 1, which is an insulin
resistance marker of the present invention. Therefore, a phar-
maceutical composition containing this substance as an active
ingredient is useful as a therapeutic drug.

As such a substance, the one that increases a substance that
controls an insulin signaling-related factor which is down-
regulated by expression or secretion of a polypeptide which is
an insulin resistance marker of the present invention, or the
one that reduces a substance that controls an insulin signal-
related factor which is upregulated by expression or secretion
of'a polypeptide which is an insulin resistance marker of the
present invention may be recited, as described as to the
method.

4-5. Polynucleotide Selected From the Group Consisting of
Polynucleotide Comprising at Lease any 45 Continuous
Bases in the Base Sequence Represented by SEQ ID NO: 2
and Polynucleotide Complementary to the Polynucleotide

When the polynucleotide which is an insulin resistance
marker of the present invention is employed as target RNA,
double-stranded RNA having a sequence homology with the
target RNA (this is also included in the polynucleotide pro-
vided as an insulin resistance marker of the present invention)
is able to induce dissociation of the target RNA by an RNA
interference mechanism. Therefore, the pharmaceutical com-
position containing the polynucleotide as an active ingredient
is useful as a therapeutic agent.

Also, when this polynucleotide which is an insulin resis-
tance marker of the present invention is employed as a target,
a polynucleotide that is complementary to the target poly-
nucleotide is able to inhibit activation of a gene when it is
administered. Therefore, the pharmaceutical composition
that contains the polynucleotide as an active ingredient is
useful as a therapeutic agent.

4-6. Substance That Controls Expression Level of Polynucle-
otide Selected from the Group Consisting Of Polynucleotide
Comprising at Least any 45 Continuous Bases in the Base
Sequence Represented by SEQ ID NO: 2 and Polynucleotide
Complementary to the Polynucleotide

This substance is selected by a method of screening a
substance that improves insulin resistance as described
above, and as described as to the method, reduces an expres-
sion amount of a polynucleotide selected from the group
consisting of a polynucleotide comprising at least any 45
continuous bases in the base sequence represented by SEQ ID
NO: 2, which is an insulin resistance marker of the present
invention, and a polynucleotide complementary to the poly-
nucleotide. Therefore, a pharmaceutical composition con-
taining the substance as an active ingredient is useful as a
therapeutic agent.
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EXAMPLES

In the following, the present invention will be described
concretely by way of examples, which are not intended to
limit the present invention.

Reference Example 1
Differentiation into Adipocyte

Mouse 3T3-L.1 cells (ATCC No. CCL-92.1.) were added
with Dulbecco’s modified Eagle’s medium-low glucose
(Wako Pure Chemical Industries, Ltd.), 10% bovine serum
(GIBCO BRL), and a penicillin/streptomycin solution
(GIBCO BRL), and cultured at 37° C. in 5% carbon dioxide.

After reaching confluent, the cells were further cultured for
two days. Then the medium was replaced by a differentiation
inducing medium. As the differentiation inducing medium,
Dulbecco’s modified Eagle’s medium-high glucose (Wako
Pure Chemical Industries, Ltd.) added with 10% fetal bovine
serum, a penicillin/streptomycin solution (GIBCO BRL), 0.5
mM 1-methyl-3-isobutylxanthine, 1 pM dexamethasone, and
5 ug/ml. insulin was used.

After three days, the medium was replaced by Dulbecco’s
modified Eagle’s medium-high glucose (Wako Pure Chemi-
cal Industries, [td.), 10% fetal bovine serum, a penicillin/
streptomycin solution (GIBCO BRL), and 5 pg/mlL. insulin,
and cultured for two days. Thereafter, the medium was
replaced every two days. As the adipocyte maintenance
medium, Dulbecco’s modified Eagle’s medium added with
10% fetal bovine serum, and a penicillin/streptomycin solu-
tion (GIBCO BRL) was used.

After the aforementioned differentiation inducing treat-
ment, lipid droplets were formed in the cells on the fourth day,
and 80% or more of the cells were confirmed to be differen-
tiated into matured adipocytes containing lipid droplets on
the eighth day.

Reference Example 2
Induction of Insulin Resistance

Using the matured adipocyte at the eighth or later day after
the differentiation inducing treatment, the cells were cultured
in an adipocyte maintenance medium added with 20 nM
dexamethasone for eight days to induce insulin resistance,
and an adipocyte in which insulin resistance was induced by
dexamethasone was obtained. On the other hand, using the
matured adipocyte at the eighth or later day after the differ-
entiation inducing treatment, the cells were cultured for four
days in an adipocyte maintenance medium added with 4
ng/ml, TNFa to induce insulin resistance, and an adipocyte in
which insulin resistance was induced by TNFa was obtained.

Example 1

Expression Variation Analysis of Proepithelin
Protein by NBS Method

(1) Isotope Labeling Method (NBS(2-nitrobenzenesulfenyl)
Method

The adipocyte in which insulin resistance was induced by
the method described in Reference Example 2 was solubi-
lized using 6 M guanidine hydrochloride, 50 mM Tris-hydro-
chioride (pH 8.0), 2 mM EDTA, 1 mM PMSF, 10 ng/mL
leupeptin, and 10 pg/ml. aprotinin, and a protein was
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extracted. Each 200 pg of the extracted protein was labeled at
tryptophan residues with the use of an NBS labeling kit (SHI-
MADZU BIOTECH).

On the other hand, an adipocyte in which insulin resistance
was not induced obtained by the method of Reference
Example 1 was labeled with a 12C-NBS reagent (12C-NBS
labeling), and prepared as a control group (Control).

The adipocyte in which insulin resistance was induced by
TNFa, and the adipocyte in which insulin resistance was
induced by dexamethasone were respectively labeled with a
stable isotope (13C-NBS labeling) using a 13C-NBS reagent.
Further, the respective 13C-NBS-labeled proteins were
mixed with an equivalent amount of the control group, and
fragmented by trypsin, to obtain digests including 13C-NBS-
labeled peptide and 12C-NBS-labeled peptide (these are col-
lectively called an “NBS-labeled peptide”).

For the obtained digests, a treatment was conducted
according to the protocol of the NBS labeling kit, and the
NBS-labeled peptide was concentrated. Further, the NBS-
labeled peptide was fractionated by using L.C-10ADvp-uH-
PLC system (SHIMADZU CORPORATION), and each frac-
tion was directly dispensed into a MALDI-TOF MS targeting
plate using Accuspot LC spotting system (SHIMADZU
CORPORATION). Comparative quantification analysis
between 12C-NBS-labeled peptide and 13C-NBS-labeled
peptide was conducted from the results obtained by automatic
analysis of MALDI-TOF MS (AXIMA-CFR Plus; SHI-
MADZU CORPORATION) by using pair peak analyzing
software (TWIP).

(ii) Identification of Proepithelin Protein by Mass Spectrom-
etry

In the analytical result obtained in the above (i), for peaks
in which the intensity of 13C-NBS-labeled peptide (derived
from an insulin resistance adipocyte) relative to that of 12C-
NBS-labeled peptide (derived from a normal adipocyte)
showed a difference of 1.25 times or more, MS/MS analysis
was conducted to identify the protein. Concretely, MS/MS
analysis was conducted using AXIMA-QIT (SHIMADZU
CORPORATION), and the obtained spectrum data was sub-
jected to an MS/MS ion search using a mascot research
engine (Matrix Science), and searched for public gene and
protein sequence databases such as NCBI.

The above step was conducted for each of the adipocytes in
which insulin resistance was induced by TNFa and the adi-
pocyte in which insulin resistance was induced by dexam-
ethasone in triplet independent experiments. As a result, a
novel insulin resistance-related protein proepithelin exhibit-
ing a significant (p value<0.05) upregulation in both of adi-
pocytes in which insulin resistance was induced was identi-
fied.

The result obtained in this example (result of expression
variation analysis of a proepithelin protein by the NBS
method) is shown in FIG. 1. In FIG. 1, the vertical axis
represents the relative intensity (the intensity in an insulin
resistance adipocyte relative to the intensity in a normal adi-
pocyte), and for each of an adipocyte in which insulin resis-
tance was induced by TNFa (TNFa), and an adipocyte in
which insulin resistance was induced by dexamethasone
(DEX), the relative intensities in proepithelin (aa297-309: an
enzyme digestion fragment corresponding to a partial
sequence of an epithelin-4 peptide constituting a proepithelin
protein) and a house keeping protein GA DPH (aa308-321)
for comparison are shown based on a quantified value of the
NBS-labeled peptide (NBS Labeled Peptide) (mean
valuesstandard deviation (meantS.D.), n=4, p-value:
*#<0.05).
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As shown in FIG. 1, the NBS method revealed that proepi-
thelin (aa.297-309) increased significantly (p-value<0.05) in
both of the insulin resistance adipocytes (TNFa.: increased to
1.66 times, DEX: increased to 3.01 times).

Example 2

Analysis of Proepithelin Protein by Western Blotting
Method

A matured adipocyte in which insulin resistance was
induced by the method of Reference Example 2 was solubi-
lized in a TNE buffer (1% (w/w) Nonidet P-40, 150 mM
sodium chloride, 20 mM Tris-hydrochloride (pH 7.4), 2 mM
EDTA, 10 pg/ml. leupeptin, 10 pg/ml aprotinine, 5 mM
mercaptoethanol, 1 mM PMSF, 1 mM Na3vVO4, 10 uM
sodium molybdate, and 50 mM sodium fluoride), and a pro-
tein was extracted. The extracted protein was separated by
SDS-polyacrylamide gel electrophoresis (SDS-PAGE), and
then transferred to a polyvinylidene fluoride (PVDF) mem-
brane or a nitrocellulose membrane. A goat anti-proepithelin
antibody (R&D Systems) was used as a primary antibody, a
rabbit anti-goat IgG HRP-labeled antibody (ZYMED) was
used as a secondary antibody, and ECL Blotting Detection
Reagents (GE Healthcare) were used for detection of an
HRP-labeled antibody.

The result obtained in this example (analytical result of a
proepithelin protein by the Western blotting method) is
shown in FIG. 2. In FIG. 2A, the vertical axis represents a
relative value of an expression amount of a proepithelin pro-
tein, relative to an expression amount of a house keeping
protein GADPH, and for each of a control (Control), the
adipocyte in which insulin resistance was induced by TNFa
(TNFa), and the adipocyte in which insulin resistance was
induced by dexamethasone (Dex), the relative value is shown
(mean valuezstandard deviation (mean+S.D.), n=4, p-value:
*#<20.05). FIG. 2B shows Western blot images for proepithe-
lin proteins obtained from respective extracts of insulin resis-
tance adipocytes (TNFa and Dex) and the house keeping
protein GADPH for comparison.

As shown in FIG. 2, also the Western blotting method using
anantibody ofa proepithelin protein, it was demonstrated that
a proepithelin showed significant (p-value<0.05) upregula-
tion in both of the insulin resistance adipocytes (TNFa.:
increased to 1.83 times, Dex: increased to 1.95 times).

Example 3

Variation in Expression of Proepithelin Protein with
Concentrations of TNFa and Dexamethasone

The same method as that in Reference Example 2 was
conducted except that the concentration of TNFa (TNFa
(ng/ml)) and the concentration of dexamethasone (Dexam-
ethasone (nM)) used for induction of insulin resistance were
changed, and various kinds of insulin resistance adipocytes
were obtained. For such insulin resistance adipocytes, West-
ern blotting was conducted in the same manner as that of
Example 2 as described above. FIG. 3 shows Western blotting
images for a proepithelin protein, and a house keeping protein
GADPH for comparison. As shown in FIG. 3, it was demon-
strated that an upregulation of a proepithelin protein was
dependent on the concentration of TNFa and the concentra-
tion of dexamethasone.
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Example 4

Variation in Expression of Proepithelin Protein in
Adipose Differentiation

In the above Reference Example 1, cells were collected on
the day when differentiation induction started (Day 0), on the
fifth day when droplets started accumulating (Day 5), on the
eighth day when the differentiation completed (Day 8), and
on the tenth day (Day 10), on the twelfth day (Day 12), onthe
sixteenth day (Day 16), and on the twentieth day (Day 20).

Each cell is a cell in the course of differentiation of an
undifferentiated preadipocyte having low insulin sensitivity
(namely, insulin resistant) into a matured adipocyte. That is,
the series of cells obtained in this manner are used as models
of differentiation of an adipocyte.

Each cell was subjected to the Western blotting method in
the same manner as in Example 1, and variation in an expres-
sion amount of a proepithelin protein was examined. The
result is shown in F1G. 4 together with the result for the house
keeping protein GADPH for comparison. As shown in F1G. 4,
it was demonstrated that a proepithelin protein exhibited a
very high expression level in a preadipocyte having low insu-
lin sensitivity, and the expression significantly decreased as
the adipose differentiation proceeded.

Therefore, from the foregoing Examples 2 and 3 (using an
adipocyte in which insulin resistance is induced), and this
Example 4 (using an adipocyte in which insulin resistance is
not induced), it was demonstrated that an expression amount
of'a proepithelin protein has a direct relationship with insulin
resistance (sensitivity) regardless of presence or absence of
induction of insulin resistance.

Example 5

Effect of Thiazolidine Based Compound on
Upregulation of Proepithelin Protein

In this example, an effect of pioglitazone on expression of
proepithelin in induction of insulin resistance was examined
using a thiazolidine based compound (pioglitazone), which is
an insulin sensitizer.

For each of the adipocytes (INFa, Dexamethasone) that
were obtained by inducing insulin resistance by TNFa and
dexamethasone according to the method of the foregoing
Reference Example 2, and the adipocyte (Control) obtained
by the method of Reference Example 1, the Western blotting
method was conducted in the same manner as that of Example
2 for the cases where 10 uM pioglitazone was added (+piogli-
tazone (10 uM)) and not added (-pioglitazone (10 uM)). For
the case where pioglitazone was added to an adipocyte having
been subjected to a treatment of inducing insulin resistance,
pioglitazone was added together with TNFa and dexametha-
sone.

The obtained result (an effect of pioglitazone on an
increase in expression of a proepithelin protein) is shown in
FIG. 5. FIG. 5A shows western blotting images for a proepi-
thelin protein and a house keeping protein GADPH for com-
parison. FIG. 5B is a graph showing a relative value of an
expression amount of a proepithelin protein on the vertical
axis, relative to an expression amount of GADPH (mean
valuesstandard deviation (meantS.D.), n=4, p-value:
*%<0.05). As shown in FIG. 5B, a proepithelin protein that
exhibited a significant (p-value<0.05) upregulation by induc-
tion of insulin resistance was suppressed significantly
(p-value<0.05), namely completely to the expression level
equivalent to that of the control by a treatment with the insulin
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sensitizer. Therefore, these also demonstrated that an expres-
sion amount of a proepithelin protein has a direct relationship
with insulin resistance.

Example 6
Effect of Proepithelin Protein on Insulin Signaling

A matured adipocyte prepared according to the method of
Reference Example 1 was added with 100 nM insulin and a
proepithelin protein (AdipoGen, Inc.) and cultured for 30
minutes, or added with 100 nM insulin without addition of
proepithelin protein and cultured for 30 minutes to prepare an
adipocyte (+100 nM Insulin) stimulated by insulin. When the
proepithelin protein was added, concentrations of the proepi-
thelin protein were 10 nM, 50 nM, 100 nM, and 200 nM.

The obtained adipocyte stimulated by insulin was solubi-
lized in an RIPA buffer (1% (w/w) Triton X-100, 1% sodium
deoxycholate, 0.1% sodium dodecylsulfate, 150 mM sodium
chloride, 20 mM Tris-hydrochloride (pH 7.4), 2 mM EDTA,
10 pg/ml leupeptin, 10 ug/ml. aprotinin, 5 mM mercaptoet-
hanol, 1 mM PMSF, 1 mM Na3VO0O4, 10 uM sodium molyb-
date, 50 mM sodium fluoride), and proteins were extracted.

The extracted proteins were subjected to the Western blot-
ting method. Concretely, following separation by SDS-poly-
acrylamide gel electrophoresis (SDS-PAGE), the protein was
transferred to a polyvinylidene fluoride (PVDF) membrane or
a nitrocellulose membrane. A rabbit anti-phosphorylated
AKT (Serd73) antibody (Santa Cruz Technology) was used as
a primary antibody, a goat anti-rabbit IgG HRP-labeled anti-
body (ZYMED) was used as a secondary antibody, and ECL
Blotting Detection Reagents (GE Healthcare) were used for
detection of an HRP-labeled antibody.

A matured adipocyte prepared according to the method of
Reference Example 1 was added with a proepithelin protein
(AdipoGen, Inc.) without addition of insulin, and cultured for
30 minutes, or cultured for 30 minutes without addition of
both insulin and a proepithelin protein, to prepare an adipo-
cyte not stimulated by insulin (~Insulin). When the proepi-
thelin protein was added, concentrations of the proepithelin
protein were 10 nM, 50 nM, 100 nM, and 200 nM.

For the obtained adipocyte not stimulated by insulin (-In-
sulin), protein extraction and Western blotting were con-
ducted in the same manner as described above.

By examining an Akt phosphorylation level of an adipo-
cyte stimulated by insulin (+100 nM Insulin) relative to an
Akt phosphorylation level of an adipocyte not stimulated by
insulin (-Insulin), activation of an insulin signal transduction
system was examined. For detecting an Akt phosphorylation
level, an Akt protein in which 473th serine is phosphorylated
(pAkt-Serd73) was used as a detection target.

The obtained result is shown in FIG. 6. As shown in FIG. 6,
a phosphorylation level at 473th serine in the Akt protein
increased with the concentration of added proepithelin. The
Akt protein is a protein kinase that acts downstream of the
insulin receptor. Therefore, it was proved that a proepithelin
protein has a function of facilitating insulin signaling.

Example 7

An Insulin Signaling-Suppressing Action by
Constant Presence of Proepithelin Protein

A matured adipocyte prepared according to the method of
Reference Example 1 was added with a proepithelin protein
(AdipoGen, Inc.) and incubated for 6 hours, and then added
with 100 nM insulin and cultured for 30 minutes, or added
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with 100 nM insulin without addition of a proepithelin pro-
tein, and cultured for 30 minutes, to prepare an adipocytes
stimulated by insulin (+100 nM Insulin). When the proepi-
thelin protein was added, concentrations of the proepithelin
protein were set at 50 nM, 100 nM, and 200 nM.

A matured adipocyte prepared according to the method of
Reference Example 1 was added with a proepithelin protein
(AdipoGen, Inc.) and cultured for 6 hours, or cultured for 30
minutes without addition of both insulin and a proepithelin
protein, to prepare an adipocyte not stimulated with insulin
(~Insulin). When the proepithelin protein was added, concen-
trations of the proepithelin protein were set at S0 nM, 100 nM,
and 200 nM.

For each of the adipocyte stimulated by insulin (+100 nM
Insulin) and the adipocyte not stimulated by insulin (-Insu-
lin) obtained in the manner as described above, protein
extraction and Western blotting were conducted in the same
manner as in Example 6.

The obtained result is shown in FIG. 7. As shown in FIG. 7,
by preliminarily treating an adipocyte using a proepithelin
protein, a phosphorylation level of an Akt protein decreased.
This reveals that insulin signaling is suppressed by constant
presence of a proepithelin protein in the medium.

The result of Example 6 and the result of Example 7
showed that a proepithelin protein has an act of temporarily
promoting insulin signaling, while it has an act of inhibiting
insulin signaling when it is constantly present.

Itis presumed that proepithelin has a function of promoting
a proliferation signal such as insulin as one of its functions
because proepithelin is a known protein having a proliferating
activity likewise insulin, while it is also presumed that the
function is reversed probably because of presence of an sig-
naling pathway mediated by proepithelin and an insulin sig-
nal, and the path is somewhat controlled due to long-term
exposure.

These results strongly suggest not only a relation between
a proepithelin protein and insulin resistance but also a func-
tion of proepithelin protein direct on regulation of insulin
sensitivity.

A schematic view summarizing the series of results is
shown in FIG. 8. As a conventional therapeutic method for
insulin resistance, there has been considered a therapeutic
method including promoting differentiation and miniaturiza-
tion of an adipocyte by a thiazolidine derivative (PPARYy
agonist) and releasing the insulin resistance again. On the
other hand, as for proepithelin, the expression level and the
secretion level decreased in the course of differentiation and
proliferation of an adipocyte, so that it is expected that insulin
sensitivity is imparted to an individual. In a hypertrophic
adipocyte, TNFa is secreted excessively, and as a result,
expression and secretion levels of proepithelin increase, and
insulin resistance is initiated. In other words, there may be
conceived a therapeutic method that cancels insulin resis-
tance by suppressing expression and secretion levels of
proepithelin or reducing the function.

The Examples described above show concrete embodi-
ments within the scope of the present invention, but the
present invention is not limited to these Examples and may be
implemented in various embodiments. Therefore, the
Examples described above are merely illustrative in every
respect, and should not be construed as being restrictive.
Further, the changes that fall within the equivalents of the
claims are all within the scope of the present invention.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1
<211> LENGTH: 593
<212> TYPE: PRT
<213> ORGANISM: human

<400> SEQUENCE: 1

Met Trp Thr Leu Val Ser Trp Val Ala Leu Thr Ala Gly Leu Val Ala
1 5 10 15

Gly Thr Arg Cys Pro Asp Gly Gln Phe Cys Pro Val Ala Cys Cys Leu
20 25 30

Asp Pro Gly Gly Ala Ser Tyr Ser Cys Cys Arg Pro Leu Leu Asp Lys
35 40 45

Trp Pro Thr Thr Leu Ser Arg His Leu Gly Gly Pro Cys Gln Val Asp
50 55 60

Ala His Cys Ser Ala Gly His Ser Cys Ile Phe Thr Val Ser Gly Thr
65 70 75 80

Ser Ser Cys Cys Pro Phe Pro Glu Ala Val Ala Cys Gly Asp Gly His
85 90 95

His Cys Cys Pro Arg Gly Phe His Cys Ser Ala Asp Gly Arg Ser Cys
100 105 110

Phe Gln Arg Ser Gly Asn Asn Ser Val Gly Ala Ile Gln Cys Pro Asp
115 120 125

Ser Gln Phe Glu Cys Pro Asp Phe Ser Thr Cys Cys Val Met Val Asp
130 135 140

Gly Ser Trp Gly Cys Cys Pro Met Pro Gln Ala Ser Cys Cys Glu Asp
145 150 155 160

Arg Val His Cys Cys Pro His Gly Ala Phe Cys Asp Leu Val His Thr
165 170 175

Arg Cys Ile Thr Pro Thr Gly Thr His Pro Leu Ala Lys Lys Leu Pro
180 185 190

Ala Gln Arg Thr Asn Arg Ala Val Ala Leu Ser Ser Ser Val Met Cys
195 200 205

Pro Asp Ala Arg Ser Arg Cys Pro Asp Gly Ser Thr Cys Cys Glu Leu
210 215 220

Pro Ser Gly Lys Tyr Gly Cys Cys Pro Met Pro Asn Ala Thr Cys Cys
225 230 235 240

Ser Asp His Leu His Cys Cys Pro Gln Asp Thr Val Cys Asp Leu Ile
245 250 255

Gln Ser Lys Cys Leu Ser Lys Glu Asn Ala Thr Thr Asp Leu Leu Thr
260 265 270

Lys Leu Pro Ala His Thr Val Gly Asp Val Lys Cys Asp Met Glu Val
275 280 285

Ser Cys Pro Asp Gly Tyr Thr Cys Cys Arg Leu Gln Ser Gly Ala Trp
290 295 300

Gly Cys Cys Pro Phe Thr Gln Ala Val Cys Cys Glu Asp His Ile His
305 310 315 320

Cys Cys Pro Ala Gly Phe Thr Cys Asp Thr Gln Lys Gly Thr Cys Glu
325 330 335

Gln Gly Pro His Gln Val Pro Trp Met Glu Lys Ala Pro Ala His Leu
340 345 350

Ser Leu Pro Asp Pro Gln Ala Leu Lys Arg Asp Val Pro Cys Asp Asn
355 360 365
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30

Val Ser Ser
370

Glu Trp Gly
385

Gln His Cys

Gln Arg Gly

Arg Ala Ser

435

Ser Cys Pro
450

Ala Cys Cys
465

Cys Cys Pro

Lys Glu Val

His Val Gly

515

Asp Asn Gln
530

Pro Tyr Arg
545

Ala Gly Phe

Ala Pro Arg

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

Cys Pro Ser Ser Asp

375

Cys Cys Pro Ile Pro
390

Cys Pro Gln Gly Tyr

405

Ser Glu Ile Val Ala

420

Leu Ser His Pro Arg

440

Val Gly Gln Thr Cys

455

Gln Leu Pro His Ala
470

Ala Gly Tyr Thr Cys

485

Val Ser Ala Gln Pro

500

Val Lys Asp Val Glu

520

Thr Cys Cys Arg Asp

535

Gln Gly Val Cys Cys
550

Arg Cys Ala Ala Arg

565

Trp Asp Ala Pro Leu

580

D NO 2

H: 1782
DNA

ISM: human

<400> SEQUENCE: 2

atgtggaccc

ccagatggte

tgctgeegte

tgccaggttyg

tccagttget

cggggettec

gtgggtgcca

gttatggtcyg

agggtgcact

cccacgggea

gecttgteca

tgctgtgage

tcecgatcace

ctctecaagy

tggtgagctg

agttctgece

ceccttetgga

atgcccactyg

gececttece

actgcagtge

tccagtgece

atggctectyg

getgtecgea

cccacccecect

geteggteat

tgcccagtygyg

tgcactgetyg

agaacgctac

ggtggectta

tgtggectge

caaatggccc

ctetgeegge

agaggccgtg

agacgggcga

tgatagtcag

ggggtgctge

cggtgectte

ggcaaagaag

gtgtceggac

gaagtatgge

cccccaagac

cacggaccte

Thr

Glu

Thr

Gly

425

Asp

Cys

Val

Asn

Ala

505

Cys

Asn

Ala

Gly

Arg
585

Cys

Ala

Cys

410

Leu

Ile

Pro

Cys

Val

490

Thr

Gly

Arg

Asp

Thr

570

Asp

Cys

Val

395

Val

Glu

Gly

Ser

Cys

475

Lys

Phe

Glu

Gln

Arg

555

Lys

Pro

acagcagggc

tgcctggace

acaacactga

cactcctgea

gcatgegggy

tcctgettee

ttcgaatgee

cccatgeccee

tgcgacctygyg

ctcectgece

gecacggtece

tgctgeccaa

actgtgtgtyg

ctcactaage

Gln Leu Thr
380

Cys Cys Ser

Ala Glu Gly

Lys Met Pro
430

Cys Asp Gln
445

Leu Gly Gly
460

Glu Asp Arg

Ala Arg Ser

Leu Ala Arg
510

Gly His Phe
525

Gly Trp Ala
540

Arg His Cys

Cys Leu Arg

Ala Leu Arg
590

tggtggctgg
ccggaggage
gcaggcatct
tetttacegt
atggccatca
aaagatcagg
cggacttete
aggcttectyg
ttcacacccy
agaggactaa
ggtgcectga
tgcccaacge
acctgatcca

tgcctgegea

Ser Gly
Asp His
400

Gln Cys
415

Ala Arg

His Thr

Ser Trp

Gln His
480

Cys Glu
495

Ser Pro

Cys His

Cys Cys

Cys Pro

560

Arg Glu
575

Gln Leu

aacgcggtge
cagctacage
gggtggcccce
ctcagggact
ctgetgececa
taacaactcc
cacgtgctgt
ctgtgaagac
ctgcatcaca
cagggcagtyg
tggttctace
cacctgetge
gagtaagtgce

cacagtgggg

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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gatgtgaaat gtgacatgga ggtgagctgce ccagatgget atacctgetg cegtctacag 900
tegggggect ggggetgetg cecttttace caggetgtgt getgtgagga ccacatacac 960
tgctgteceg cggggtttac gtgtgacacg cagaagggta cctgtgaaca ggggccccac 1020
caggtgccct ggatggagaa ggccccaget cacctcagece tgccagacce acaagecttg 1080
aagagagatg tcccctgtga taatgtcage agctgtcecect cctcecgatac ctgctgeccaa 1140
ctcacgtectg gggagtgggg ctgctgtcca atcccagagg ctgtctgctg cteggaccac 1200
cagcactgct gcccccaggg ctacacgtgt gtagetgagyg ggcagtgtca gcgaggaage 1260
gagatcgtgg ctggactgga gaagatgcct gecccgecggg cttecttatce ccaccccaga 1320
gacatcgget gtgaccagca caccagetge cecggtgggge agacctgetg cecgagectg 1380
ggtgggagct gggcctgcectg ccagttgeccce catgetgtgt getgcgagga tcgccagcac 1440
tgctgccecgg ctggctacac ctgcaacgtg aaggctcgat cctgcgagaa ggaagtggtce 1500
tctgecccage ctgccacctt cctggeccgt ageccectcacg tgggtgtgaa ggacgtggag 1560
tgtggggaag gacacttctg ccatgataac cagacctget gcecgagacaa ccgacagggce 1620
tgggcctget gtccectacceg ccagggegte tgttgtgetg atcggcgcca ctgcetgtect 1680
gctggettee getgegecage caggggtacce aagtgtttge gcagggaggce cccgcegetgg 1740
gacgcccecett tgagggacce agccttgaga cagctgcetgt ga 1782

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 3
H: 589
PRT

ISM: Mus musculus

<400> SEQUENCE: 3

Met Trp Val
1

Gly Thr Gln

Asp Gln Gly

Trp Pro Arg
50

Gly His Cys
65

Ser Ser Cys

His Cys Cys

Phe Gln Met
115

Gln Phe Glu
130

Ser Trp Gly
145

Val His Cys

Cys Val Ser

Gln Lys Thr
195

Leu Met Ser Trp Leu

5

Cys Pro Asp Gly Gln

20

Gly Ala Asn Tyr Ser

40

Ile Thr Ser His His

55

Pro Ala Gly Tyr Ser

70

Cys Pro Phe Ser Lys

85

Pro Gln Gly Phe His

100

Ser Asp Asn Pro Leu

120

Cys Pro Asp Ser Ala

135

Cys Cys Pro Met Pro
150

Cys Pro His Gly Ala

165

Pro Thr Gly Thr His

180

Asn Arg Ala Val Ser

200

Ala

Phe

25

Cys

Leu

Cys

Gly

Cys

105

Gly

Thr

Gln

Ser

Thr
185

Leu

Phe

10

Cys

Cys

Asp

Leu

Val

90

Ser

Ala

Cys

Ala

Cys
170

Leu

Pro

Ala

Pro

Asn

Gly

Leu

75

Ser

Ala

Val

Cys

Ser
155
Asp

Leu

Phe

Ala Gly Leu

Val Ala Cys
30

Pro Leu Leu
45

Ser Cys Gln
60

Thr Val Ser

Cys Gly Asp

Asp Gly Lys
110

Gln Cys Pro
125

Ile Met Val
140

Cys Cys Glu

Leu Val His

Lys Lys Phe
190

Ser Val Val
205

Val Ala
15

Cys Leu

Asp Thr

Thr His

Gly Thr
80

Gly Tyr
95

Ser Cys

Gly Ser

Asp Gly

Asp Arg

160

Thr Arg
175

Pro Ala

Cys Pro
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34

Asp

Thr

225

Asp

Ser

Pro

Pro

Cys

305

Pro

Ile

Pro

Arg

Gly

385

Cys

Gly

Thr

Pro

Cys

465

Pro

Gly

Cys

Gly

545

Cys

Asp

Ala

210

Gly

His

Lys

Gly

Glu

290

Pro

Ala

Leu

Asp

Cys

370

Cys

Cys

Asp

Pro

Val

450

Gln

Ala

Asp

Asn

Cys

530

Val

Ser

Met

Lys

Lys

Leu

Cys

Tyr

275

Gly

Phe

Gly

Gln

Pro

355

Pro

Cys

Pro

Thr

Leu

435

Gly

Leu

Gly

Phe

Val

515

Lys

Cys

Ala

Phe

Thr

Tyr

His

Leu

260

Pro

Tyr

Ala

Phe

Val

340

Gln

Thr

Pro

Gln

Met

420

Gln

Gln

Pro

Tyr

Ile

500

Glu

Asp

Cys

Arg

Leu
580

Gln

Gly

Cys

245

Ser

Val

Thr

Lys

Gln

325

Pro

Ile

Asn

Ile

Gly

405

Val

Ile

Thr

His

Thr

485

Gln

Cys

Ser

Arg

Gly

565

Arg

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Mus

1770

Cys

Cys

230

Cys

Lys

Lys

Cys

Ala

310

Cys

Trp

Leu

Asn

Pro

390

Phe

Ala

Gly

Cys

Ala

470

Cys

Pro

Gly

Ala

Asp

550

Thr

Asp

musculus

Pro

215

Cys

Pro

Asn

Glu

Cys

295

Val

His

Met

Lys

Thr

375

Glu

Thr

Gly

Asp

Cys

455

Val

Asn

Pro

Glu

Gly

535

Gly

Lys

Pro

Asp

Pro

Gln

Tyr

Val

280

Arg

Cys

Thr

Lys

Ser

360

Cys

Ala

Cys

Leu

Ile

440

Pro

Cys

Val

Val

Gly

520

Val

Arg

Cys

Val

Asp

Met

Asp

Thr

265

Lys

Leu

Cys

Glu

Lys

345

Asp

Cys

Val

Leu

Glu

425

Gly

Ser

Cys

Lys

Leu

505

His

Trp

His

Leu

Pro
585

Ser

Pro

Thr

250

Thr

Cys

Asn

Glu

Lys

330

Val

Thr

Lys

Cys

Ala

410

Lys

Cys

Leu

Glu

Ala

490

Leu

Phe

Ala

Cys

Arg

570

Arg

Thr

Asn

235

Val

Asp

Asp

Thr

Asp

315

Gly

Ile

Pro

Leu

Cys

395

Gln

Ile

Asp

Lys

Asp

475

Arg

Thr

Cys

Cys

Cys

555

Lys

Pro

Cys

220

Ala

Cys

Leu

Met

Gly

300

His

Thr

Ala

Cys

Asn

380

Ser

Gly

Pro

Gln

Gly

460

Arg

Thr

Leu

His

Cys

540

Pro

Lys

Leu

Cys

Ile

Asp

Leu

Glu

285

Ala

Ile

Cys

Pro

Asp

365

Ser

Asp

Tyr

Ala

His

445

Ser

Gln

Cys

Gly

Asp

525

Pro

Gly

Ile

Leu

Glu

Cys

Leu

Thr

270

Val

Trp

His

Glu

Leu

350

Asp

Gly

Asn

Cys

Arg

430

Thr

Trp

His

Glu

Pro

510

Asn

Tyr

Gly

Pro

Leu

Cys

Ile

255

Lys

Ser

Gly

Cys

Met

335

Arg

Phe

Asp

Gln

Gln

415

Gln

Ser

Ala

Cys

Lys

495

Lys

Gln

Leu

Phe

Arg
575

Pro

Ser

240

Gln

Leu

Cys

Cys

Cys

320

Gly

Leu

Thr

Trp

His

400

Lys

Thr

Cys

Cys

Cys

480

Asp

Val

Thr

Lys

His

560

Trp
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-continued

<400> SEQUENCE: 4

atgtgggtce tgatgagetg getggectte geggcaggge tggtagecgg

ccagatggge agttetgece tgttgectge tgecttgace agggaggage

tgctgtaacce ctettetgga cacatggect agaataacga gccatcatct

tgccagacce atggecactg tectgetgge tattettgte ttcetcactgt

tccagetget gecegttete taagggtgtg tettgtggtyg atggcetacca

cagggcttee actgtagtge agatgggaaa tectgettece agatgtcaga

ggtgctgtcee agtgtcctgg gagecagttt gaatgtectg actctgecac

atggttgatg gttcegtgggg atgttgtecee atgecccagg cctettgetg

gtgcattget gtccccatgg ggcectectgt gacctggtte acacacgatg

acgggcacce acaccctact aaagaagttce cctgcacaaa agaccaacag

ttgccttttt ctgtegtgtg ccctgatget aagacccagt gtcccgatga

tgtgagctac ccactgggaa gtatggetge tgtccaatge ccaatgccat

gaccacctge actgetgccce ccaggacact gtatgtgace tgatccagag

tccaagaact acaccacgga tctectgace aagetgectg gatacccagt

aagtgcgaca tggaggtgag ctgccctgaa ggatatacct getgecgect

gectgggget getgtccatt tgccaaggee gtgtgttgtg aggatcacat

ceggcagggt ttcagtgtca cacagagaaa ggaacctgeg aaatgggtat

cectggatga agaaggtcat agecccecte cgectgecag acccacagat

gatacacctt gtgatgactt cactaggtgt cctacaaaca atacctgetg

tctggggact ggggetgetg tcccatccca gaggetgtet getgetcaga

tgctgecccte agggcttecac atgtetgget caggggtact gtcagaaggg

gtggctggee tggagaagat acctgcccge cagacaacce cgctccaaat

ggttgtgace agcataccag ctgcccagta gggcaaacct getgeccaag

agttgggect getgecaget gecccatget gtgtgetgtg aggaccggca

ceggecgggt acacctgcaa tgtgaaggeg aggacctgtg agaaggatgt

cagccteceg tgctectgac ccteggecct aaggttggga atgtggagtg

catttectgee atgataacca gacctgttgt aaagacagtg caggagtctg

ccctacctaa agggtgtetg ctgtagagat ggacgtcact gttgeccegg

tgttcagcca ggggaaccaa gtgtttgega aagaagattce ctegetggga

agggatccgg tcccaagace gctactgtaa

aacacagtgt 60
caactacagc 120
agatggctcce 180
gtctgggact 240
ctgctgecce 300
taacccettyg 360
ctgctgcatt 420
tgaagacaga 480
cgtttcaccce 540
ggcagtgtcet 600
ttctacctge 660
ctgctgttece 720
taagtgccta 780

gaaggaggtg 840
caacactggg 900
tcattgctge 960
cctccaagta 1020
cttgaagagt 1080
caaactcaat 1140
caaccagcat 1200
agacacaatg 1260
tggagatatc 1320
cctcaaggga 1380
gcactgttgce 1440
cgattttatc 1500
tggagaaggyg 1560
ggcctgetgt 1620
tggcttecac 1680
catgtttttyg 1740

1770

What is claimed is:

1. A method of screening a substance for improving cellu-
lar insulin resistance, comprising the steps of:

bringing an adipocyte capable of expressing or secreting a
polypeptide having the amino acid sequence of SEQ ID
NO: 1 into contact with a candidate substance to stimu-
late the adipocyte to express or secrete the polypeptide;

isolating the polypeptide by solubilizing the adipocyte and
extracting the polypeptide;

fragmenting the resulting polypeptide having the amino
acid sequence of SEQ ID NO: 1 using trypsin;

60

65

measuring a level of a polypeptide fragment consisting of
13 continuous amino acids 297-309 of SEQ ID NO: 1 in
the adipocyte when the candidate substance is brought
into contact; and

comparing the measured level of the polypeptide fragment
consisting of the 13 continuous amino acids 297-309 of
SEQ ID NO: 1 in the adipocyte when the candidate
substance is brought into contact, with an expression
level or a secretion level of the polypeptide in the adi-
pocyte when the candidate substance is not brought into
contact,

wherein a reduction of the measured level of the polypep-
tide fragment consisting of the 13 continuous amino
acids 297-309 of SEQ ID NO:1 when the candidate
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substance is brought into contact, compared with the
expression level or the secretion level when the candi-
date substance is not brought into contact, is regarded as
one index for selecting the candidate substance as a
substance that improves cellular insulin resistance, and

wherein the step of bringing the adipocyte capable of
expressing or secreting the polypeptide having the
amino acid sequence of SEQ ID NO: 1 into contact with
a candidate substance is conducted in vitro.

#* #* #* #* #*
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